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''Witter, imt,er everywhere , uPT any drop to 
drttik.... I he^c words from Coleridge refer to sea 
svurcr But they could one dwy refer to .ill the 
W: i t CT D n 0 ur pi a n et . 

In our homesj iHy after day, we use and then 
ciiscLird hundreds of gallon.s of clean vvatcr. As a 
rhition, we pride ourselves on our sanitary habits, 
Wc bathe regularly with various sf^nps and wash our 
clothing and kitchen utensils with detergents and 
phosphates. We even wash our cars and pets. But 
are we aware of what is happening to water soiirccs 
and supplies as increasing niiilions of human beings 
continue to use and dirty them? 

Many waterways are being turned into open 
sewers. At one time, due to the sclf-deansing prop- 
erties of water and the vast quantities of water in 
lakes and oceans, we thought we could depend on 
nature to dilute our wastes or carry them away. 
Rut natural cycles can no longer combat the pollu- 
tion prohlems that are caused liy the technology of 
a large human population. 

On June 22, 1969, the Cuyahoga River in 
Ohio demonstrated to the pcopk of Clev^cland that 



it could no longer Uc depended upon to carry their 
vvastcs away. On a quiet Sunday afternoon, the 
Ciiynhoga River hurst into flames, thousands of 
gallons of oil, which had been dumped into the 
river from a source never identified, suddenly 
caught fire and caused a great deal of damage. Fire 
is a visible and very dramatic way for a waterway 
to indicate years of neglect and abuse, 'rhere are 
other ways. In this unit you will learn to identify 
both the visible and the not visible causes of water 
pollution. 

Almost no large waterway in America is free 
from pollution, Can we just allow the time to come 
when we may not have an adequate supply of clean 
water? All present and future taxpayers must be- 
corne knowledgeable about Protecting Our Water 
Supplies, 

In this unit, you will set up some experiments 
and determine for yourself what impact pollutants 
can have on a waterway^ Vou will discover what 
technology can do to help clea?i t{p the water pol- 
lution that has already occurred, and what tech- 
nology can do to help prevent further contamina- 
tion of water sources and supplies. As you build up 
this information and knowledge, you will be 
encouraged to apply it to a study of your own 
area. Finally, you will have an opportimity to 
participate in the kind of decision-making process 
that regional and community planners everywhere 
must develop if they are truly concerned about 
Protecting Our Water Supplies. 
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Water pulluiiun affects our lives in many 
ways. In this section you will sec how water pollu- 
tion problems affect the lives of people living in a 
town called "'Riverview/' Look closely at the 
pictures below. Read the selections from the River- 
vic':^) Journal, a local news sheet put out by Frank 
Sinith, the Mayor of Riverview. Then check the 
questions asked by two students from Riverview 
Jitnujr High SchnoL They niade up the questions 
for a sur\'ey they were doing as part of a social 
Htudks assignment. Read the answers they got. 
When you have completed this section on River- 
view, ynu will be ready to apply your knowledge 
alxjuT water pollution causes and effects to your 
own Cuinniunity, 
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Mr, I 



Aoiii 



32 



Name'. 
Occupation 



Age*. 



. MirtRWor^iow./ Township? 



2. VVhy did you 



come here? 



3. ^iSTi^^i^^^f^.^' 



tv? 



— T 



4, \Alhat wouid you 



like to see chanyei 



d in the communi 



Name: 



Mr. & Mrs. P 



Executive— I m 7. 
Occupation: Thumh-Tacks Inc, 



Age: ^S&47 
Rent: K Own: 



1. How long have you lived in Riverview Township? 
Fmt and last season. 

2. Why did you come here? / read an acivertmrmnt in 
the newspaper-that picture must h^^e been taken tn 
1890, because the tawti and the river don't look anything 
like they're supposed to, 

3. What do you like about the immunity? The TV 
reception is good* 

4. What would you like to see changad in the immunity? 
Most everythifig. I came out here to getaway flom the 
smoke and noise of the city. I came om so I could relax 
and do things I can only dream ahout in the city. You 
know-fishing, boating, swimmings mil, the fishing is 
terrible. / lost the propeller to my hoat when I hit a SO- 
gallon oil drum stuck in the mudjmt two feet down! 
Any my wife and I haven't stopped itching since me first 
went swimming almost two weeks ago] And the drinking 
water! Even though it comes from weik, it tastes tembk 
-^as if it came right from the river. 



Occupation: arrwar/Post Master Rent: Own: X 

1. How long havo you lived in RIvGrview Townships 
/ have lived in iiivermew for 31 years, 

2, Why (I id you come here? / moved here after the war 
because the laud was not very expemmi 

a What do you like about the community? City people 
in the summer makes running my store a very htg success 
financially, 

4. What w/ould you like to see changed in thn community? 

Not a thing, The factory people stop here on their way 
home and business cotiidn 't he better. Some people are 
complaining about the poliution, but its not so bad as 
compared to the mcras it nears the city. The Federal 
Goverfjmcm will do somethiHg abom it fm sure. 



Name: 



Mr. J 



Forest Rariger, 



Ooaupatlon: Emanon State Forest 



Age: 31 



Rent: Own: ^ 



r Hovw long have you lived in Riverview Township? 

10 years 

2. Why did you come hare? / warned to live mar the 
State Forest, 



3 What do you like about the immunity? It's etose 

to .ork, beautiful calon in the fall, nice people, nice to.n. 

4 What would YOU like to ,eo chanflid m tha community? 

,y me to see a gooi sev,age system put in, sonm.mesyou 
,an see the suds from people's washing. They ought to do 
Znething .bout the industrial growth around the r.er. 
And then there's that reactor. A friend of mine m the 
nepartment of the Interior has heard of a r^uclear^ne. 
Sto be constructed upstream, north ofLeadville. If I 
Un^our to.n council they woM love to have „ near 
here because it n.ight bring tourists. Boy, that tot .ater 
would really ruin the river. 
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NamQi 



Mr. Mrs. II 



10 8t 67 



Retired Gas 
Occupation: StMion OpLmtor 



Ront: Own; 



1. How long have you livMJ In RivoryievvTo\fl/nsh^^^^ We 
have lived here 38 years. 

2. Why did you come hero? We like the outiUumand 
many outdoor acthitm. We like the scenery, the ftshim, 
the hoating, and the nwimming, 

3. WhPt do you like about the immunity? m like our 
river and the people who live near m, 

4. What would you like to sen changed In the immunity?] 
We would like to see the destruction of the river stopped. 
Like that new complex on the south bank, All those 
factories do is belch smoke into the air and chemical junhj 
into our river. Back in '52 I won the pshing lournafmnt 
with a five pound trout. Why, we caught 106 fish that I 
day --^just 24 of us caught 106 fish! It's them stupid 



Warner 



Ago: 



Occupation; 
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^ Own, 



'"''"^^^merouswithrl. '^^t -water 

•""^■^ wbe„ i, ttfloaung ^here. Water 



chemicals I tell you 
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1 u„ I ^■'•'^u deposit) 

How Jong have you lived In Bi • 
'l-ed here ail, „yj^_^'"'''''''''^ro^mhip? /-^ 

2- "'hy did you c5ome here? r , ,a . 
'Aff husmess too. ' f^om my dad, 

3. '^"at do you like about th,^ 

guess. The people are nice 
4. What would you like t„ ^ 

^^^'^^^ of this, ^^e^at^^'^Zr''''''''-^^ 
„^ /" Most of the 

r^^^, f 

J'fl" 'tflsb for supper. '""'^ " '/ 





Life in tlio Wtitorway 

A lu;;ilrliy Wat crway , iuit()uclunl by polhnioii, 
contains many ibrius oClit'c. It is a honw iot \ \Hh, 
insects, ampliihiiuis, water birds, atumals, and 
plants. In addition to those* plants aiul animals idat 
arc easily sceo, tlic water contains bacteria luul 
oLlicr iincrohcopic lile. They need ami depend <in 
each other aiid their enviroruncnt in this waterway 
i'dnununil v . 

Many cycles are evident in nature. One is tSie 
water i'ydt: . Water evapurares iri)in large boiiies ol 
water into the air. dhe water vapur is stored in 
clouds before it condenses and falls to the earth in 
Fornis such as rain or snow. It dicn beeomes pari ot 
the Earth's water suppiy for plants, aninmls, aiul 
hiinians to reuse. 




Another is the fnod cyrlr or foiui rfhiifr 
Microscopic plants and aniinals ui ihe water are 
eaten by larger fisti i\nd aninuds, 1 hey, in turn, 
serve as food for still larger creatures. What is left 
of their in *uen bodies, anfl plant ami anitnal 
waste niatenal, is eaten by the niieroseopic forms 
ol life cotrimt)nly known as bacteria. 

Phi}ffisyNfhf'sis is the luoccss by which ^rreen 
plants use a pipnient callcci chloropiiylh carbon 
dioxide, water, and sunligh!; in nriler to produce 
rhcir own food and release oxypen. Water [dants 
absorb some of the water around them and get 
carbun dioxide frcnn the respiration of fish and 
other water animals. Aerobic bacteria (baeteria 
thai use oxygen) iranstorni plant and animal 
wastes iiUo such nutrients as nitrogen and phos- 




pllOlifSj Wl»ii h tWi \\\V\\ trryiU)] us (nr. A in MP' 

wMm' tommunity. 

The inrrneluit'd cycles allow the w itciwuy ta 
piirily irscir. 'f'hc higgrsr jril) in fhjs svW 
piirijicitinn process tlcpcndN upon iiic tiniest nl 
rliie orgar^isnis in the watrrw;iy Cftnunurnfy the 
n.K:\'u\fu: bucto iii. I licy kci:p the iych- \un\}y, hy cimi 
VCrftHH w:hic in^iffii.ils infn nrw niiirirnfs, Hnt il 
diCTf IS rr-n\-fi |)olhn!<?fi, the \iM:icr]a \vUl crjUMunc 



fjHi rnurh ii\ fhr ih%soh(ti nxyj^cu in fht: ssAtii ;nul 
rhrrr will nof he rnniij^h oxvHcii Irlr !n <iippnil 'he 
phini ;ui«l aniiTial lilr. I hr tuuil dcrmoMl for rii** 
solvrtj oxygrih i)y all (he tjiganisitis prcscnl, is 
tMlhul fl c hifirhi'fnuuii oxvii^'fi iinnand , or 

VVhrii tlir I il.nicr o( n.nurc \\ luhli'a in hrd^ 
;uul flic n;nin;i! <;yfJcs arc tiniiurfrtipu d, ii waiif 

\v;IV' fin' tfitrHiHnniV vvlnrh inhjf)!!^ H wfC 
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A tut!? <h|ni\ J sii(i-.\^ inJin, ^ ! isrf ih M J Hi Ml , 
dr;u! \vM :Um\ Wlhlhlr ill UhI )fn!llnl .f V^:\tvrW'>^V 

lin fn.u\. wliu ni.iv' fhr t jusr nl \\\v prnhlnu, n» 



y/ V 




ilisr;jsr ( jusinf/ Ijiu^frri^L (xjliforni tincfrrin arc 
ivHmaWy present in tlir iiirrstincs liurTuins and 
.Mniii lis. WIh n they ntr loiuiil in h wniorway tlicy 
^;ni he rvKlcncf' that rhe water nujO't also have 
Iiarnilul iturrnlx::* in it. Sciinc diseases sprciid in 
watrr ;ur typliuid, clujleru, anti dy'^entcry, \lc\m- 
MfiSj a virus wbieh attac ks the liver, ean be traced 
!(> siu'lHisli tniiful in water polluted by hiunan 



t f4;l/^/A^^^i t 'Mut fjitinr w rJen fr(sr!i ritifin an(l 
ludu'^irif*':?, ff(H!t rtiarinas, |iUsr.iirfi rnift nnd ship 
piiH] I Ins \rs\j\^v hu(h f {( airtl jiut uiurr.iuub ii>n 
Mur. nf^?anir ^va acs I \\v waMrs ,irc iisuallv bin ir 
[T.ui.ible. Aer(»lni; b.it ?rn;! ni llir waaer, il rhrn is 
fftcHiKh i}\vfxp- presfMU, will rlirmiialK^ rlian(»i' 
r|u^^^' n isrrs 1 lu*\' uill h^'<hanKf'<l irHo nniruMHs 
athi iKTiU w^viA \)v ihv ^lYPvn phuus m piiou* 
NS'nHit us, ill*:' Inutl niakni^^ prc)(:e^s. Wlu^n too 
iiuuh wjsii is dinnptd ilitn (he u \\ lln aeruhic 
b.H/trrjj ' \crpopulate. Ibey then t^^e up ail the 
avaiiabh >yj.^efi and die. I he hu k oi ('x y|rcn leads 
;i Like o\rr at (jon «d ana«aobie Ijarferaa Chac 
uria ih\t di> fiot use- (^\>|^erO. I hese baiteria iln 
nui med <iHVf^Mi in <srder t*? destroy organie 
wasrcs Atiaertdne baUrrrf iansi ilie warer tn 
bccunic dhcnluE ed and to? tielbni^ 

3. DISEASE CAUSING BACTERIA, mainly 
from muriicuuil s«vvngo and foodlot drainoff 
When scsvage coiuaininii Innnan and animal wastes 
cntCLS the waita- we iise tar ilrinking, tishing, or 
swinnuing, it ^an containinafe the water witli 



^ NUTHICNTR, nrindpiiMy phosphates find 
niUtiUn from industrial Wtistes, land runoff, and 

^;**Wii^lM rhe el nan i< -a Is mntained in tlus niaieriat 
Ail as iHinieiUs, ihese nnirierits incrca^^e the 
f^rrjwtli ni water weeils and algae in the warav 1 he 
iitocess (It nitrophiciiiioN, or aging, lakes phice 
f;isrer \n a waffTwny pf>llutrd with phfisphRtes and 
nitrates. Again, the anaerobic bacteria, which do 
not M*se oxygen, hasten the decay ot plant Ufe in 
the Water aiul cause unsigliUy conditions und 
odors 

4. SILTS, SANDS, AND DEBRIS, from 
strwts, farm irrigation, industrial prowssing, road 
building, drodginy, and construction I he^e sedi- 
nicnts arc carried by running water and are dc- 
pnsifcd into our waterways. 1 he deposits fill in and 
aceumuhitc wherever they arc allowed to settle, 
rhey block out the Nun'.s rays necessary fc3r the 
grfnvth of oxygen^producing plants that Uve in the 
water. I hrse iscvhn^f rus also diblurb the road- 
making process uch depends on sunlight-- 
phtitosyntbesis. 
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For many millions of years nature has betn 
recycling the water on our planet. Clean ^nt^r fa lis 
to the earth as rain or sno^. Some of it soakiin to 
the ground and is usd by plants, Soine \^atef ru ns 
off the land J gathers in stfeanns and rivers, and 
collects in lakes or in the oceans, ThroughoLit this 
floWj water beconries dirtier. It picks up silt and 
minerals from the soil and waste materials froni 
animals and from d^mymg plants. But mtute re- 
claims this water froni streams, lakes, and opceans 
by the process of cvaporatioii, "^Vatcr v^apor pro- 
duced in this evaporation rises into the atrrLO^ 
sphere, forms clouds, and returris to thts earth as 
rain or snow. This constant movement o f water is 
called the water cycle. 

For hundreds of thousands of years marius^d 
and dirtied water within th is cycle. His wastes fre^ 
qucntly entered waterways. The flowing ^vater 
cleaned itself as sunlight^ oxygen, ancl helpful 
bacteria destrov'cd the harmful materials in ttie 
water, And man continued to have a ready supply 
of fresh water. 

During this century^, how^ex, tliere has been 
a tremendous increase in the amount ofhmimi^nand 
industrial wastes entering the wsiter cycle. "Tech" 
nology has changed the ^vay in which we get rid ^f 
our wastes, In the past, niuch htinian waste wm 
disposed of in theground urder *'outliouse5i* " or in 
cesspools or septic tanks. But today alniosl all 
towns and cities have sewer systems. Contrary to 
what many people think, not all ^uvviige water is 
cleaned before it enters the water cydc ^gaiji. 
There are hundTcds of cities with sewers v^vhich 
empty the untreated wastes direccly into the iiea-r- 
est waterway, 

Sewer systems do tsm jobs. M1iey c^rry aw;iy 
wastewater, and they drain i)ff the water frornrain 
or snow. Some towns have one sewer sysiein that 
does both jobs. Other rosvns sepiirate the ^ewcr 
system into storm servers for draining runoff froni 
ruin or snowfall and Simitary sewers, \vl^ich arry 
wastewater from homes, l)iisincsses, iind fiictcirie^, 
Mo^st indu ^^itrie.s eirhcT ilispose n f their liqu id Nviist 
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into tlie nmriicifal seyver aysceni or ^lischarjc them 
into a water wiy% 

Of the cities which have sewage treat rnent 
plants, about 10% hav^c a form of treatment con* 
dsting of screens and sett ling tanks which rertiovre 
only about cne third of the orianic solid vi/aste 
from the sewage water. j\bout half of the cities 
which treat cheii wwewater add a. scccnd step of 
treatment to screening .indseitling tank^, Theyus^ 
bacterial action to reduce organic matter, This 
more efficient proce^^ can remove between sixty cc 
ninety perceiit of th organic \vaste front se\vag< 
water. Only a very few localities tise mDie effective 
treatment processes on their sewage wastes, li \vc 
average the effect iven^ss of the nation's sewage 
trejitment, we vvould s^e chat only about ane-^half 
of theor|anic vvasces iire renioved fro mi our ^ew* 
age. The other li^ilf pollutes the njiiiDn's water. 

Sewage Troatmsiit 

The most com nionly used sewage t tea tine nt is 
the process ciilled Prhmry Trmfinent. En tliig pr^* 
cess the sewage flaws thfou|h screens which re* 
move larger solid objects. The sewage then passes 
incc a channel or tanTk v^'hefe ^ilt^ sand, or grit 
settle out. The sewage water is theiihdd in ^edi* 
mentationtafiks wh<re susf ended solid?; carfc collect 
as sluclge on the funk floor. Finally, the vv^astc 
water ifi ofteii treated vvith chlorine to kill <li«iease' 
causing bacteria and Isi theii discharged into a 
watcrv^'iiy^. 

\i sewage liVastes are further processed, the 
added steps are retfcrr«d to as kcmdAry TfW^ 
mt*iit. The most conini*Jn types tif secondary tfcat ^ 
meiit xm either a trickling filicT or the acliv*ited 
sludge process. These hiological deaiiitig 
methods \vhi<:h tise hnctcria i« rupidly decnnipo.se 
organic wastes. 

A irii^kling filter receive sewage iifter ir kt^ 
hiul primary Irinitnienr ^ hut l>etnre the *sew'-ige hii?s 
born dilnrin^itrt li iJ^n^lly the s^'wajF is ^pri^yed 
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over a bed of stones and trickles through. The 
stones arc covered bacteria which consume 
must at* the organic niatier in the sewage. The 
deancr water coming froni rhe filter is thenchlor^ 
inated and disciiarged. 

In the activated sliulgc prc3cess primary 
treated ?^wagc h mixed with ^ir and bacteria-nch 
sludge 1 he oxygen in the air activates the bacteria 
to consume the orgaiuc niatier in the sewage. In 
this process, too, the sevvagc is thefi chlorinated 
and discharged. 



Both the trickling filter method and the acti- 
vated sludge process can achieve up to a ninety 
percent reduction of organic wastes in sewage 
when the operation is running perfectly. However, 
this efficiency is very difficiilt to maintain. Too 
frequently^ the capacity of the treatment plant 
cannot handle a large flow of sewage, and raw sew- 
age is directly discharged. If industries lise the 
sewer system, their chemical wastes may not be 
cleaned from the water in primary or secundary 
trcatmenr and these wastes can kill off the hel| ful 
bacteria In the filter or digestor and the organic 
wastes in the sewage are then m>t consumed. 
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Rotating Rake Mechanism 



TOP VIEW 



Intal^e Pipt 




Sludge Removal Pipe 
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(addition of coagulant such as alum or Vmw) 
Clean Water 4r-^->-^ 
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One way of cleaning sewage wastes more 
effectively has been to add further water treatinent 
after primary and secandary treatmeiu. These 
added steps are often called Teniary rrmtttmni. 
Tertiary treatment includes a nuniber of techni- 
ques that do not rely on biological processes. 
Tertiary trcatnncnt at times involves only adding a 
mnd filter to tlie secondary treatment, At times 
the filtration process uses a rotating screen with 
micrpseopic holes that strain out the small particles 
of unwanted nmrerials left in rhe water after ser- 
ondiiry treatment* 



More frequently tertiary treatnient adds a 
coagulat ion-sedimentation step to secondary treat* 
ment. As the sewage comes from secondary treat- 
ment it is held in large tanks. Alum or linie is 
added to the sewage water. These cheinicals cause 
the fine impurities remaining in the water to coagu* 
late or **floc** and form larger particles. These 
particles settle out of the water and collect as sedi- 
ment at the bottom of the tank. The clean water is 
then piped out. 
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Carbon-adsorpticii A tertiary method bt- 
^ming rriore popular is Carbon-adsorption, In this 
treatment the sewage is passed through a bed of 
activated charcoaU Adding the activated charcoal 
r CARBON-ADSORPTION —————— — 



Step to the treatment process can remove up to 
ninety-eight percent of the organic matter, Fur- 
thcT, organic matter that resists biological tre&t- 
ment is removed by carbon-adsorption. 
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ReViTsa Osmosis A treatment process which 
is being used e^cperimentally is one called Revene 
Osmom. Osmosis occtjrs v^here two solutions are 
separated by a membrane through which molecules 
of the solution can pass. Normally mplecules of 
water vvill flow from the solutioii with a higher 
concentration of water to the solutioii with a lower 
concentration of water. For sewage treatment, the 
process can be reversed , A pump applies pressure 
to the sewage polluted water and forces water 
r REVeRSi OSMOSIS ^ 



molecules through a inembrane to the clean wat^r 
side. In this prDcess clean water is taken out of 
sewage rather than sewage taken out of water. The 
theory of reverse osmosis has been used in labc^"^ 
atories, experiments, and in industry for some 
time. But the process is not widely used in sewage 
oeatnient. One of the problems that must be 
solved is how to prevent the filtering membranes 
from rapidly clogiing up, 
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ilectrodialysis Another experirnental water 
treatment procfdure which uses membranes as 
filters is Electrodialysis, Many pollutants exist in 
water in the form of salts. In the electrodialysis 
procedure the salts in the sewage water are ioniEed 
(separated Uio positively and negatively chaTged 
particles). The po.jtJve ions in the sewage are 

(—ELiCTRODIALYSIS -------- 




Qlian Water Out 



Ion Exohange A cheinical process called Iq?2 
Exchange has been used comincrcially in water 
treatnient for many years. Experiments are being 
conducted to adapt this process to sewage treat- 
nient. In this process certain resins are chosen 
which will attract ions of pollutants in sewage. As 
the sewage flows past this resin, the polluting ions 
in the sewage water are attracted to the resin in 
exchange for ions in the resin* Specific resins can 
be selected to remove specific pollutants. 

Some cities are using these newer methods of 
treatment not just as the tertiary stage of sewage 
treatmentj but as the main treatment process after 
screening and grit remov^aL These cities are trying 
to use the more sophisticated water treatment 
methods in their new sewage plants to avoid what 
nnight be the unnecessary expense of constructing 
tradicional secondary treatment facilities. 



filtered through one membrane toward a negative 
electtode. The negative ions in the sewage are 
filtered through another membrane toward a posi- 
tive electTDde, The membranes and electrodes can 
be arranged in patterns so that most of the poUu- 
tants in the water are filtered out. 
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The Living Filtw^ A method of water treat- 
mmt that closely follows natural processes is to 
hold the sewage in large outdoor lagoons to allow 
sunlight and bacteria to coiisiime the organic 
wastes in the water. Modern lagoon methods are 
using increased flow of oxygen and rich bacteria 
sludge to remove the organics more effectively. 

The water is then sprayed on the land. Biological^ 
chemical, and physical reactions in the soil purify 
the water. This method of sewage treatment can be 



very effective for smaller communities where suffi- 
dent land is available for the process. 

h% our population grows, it becomes more 
necessary for effective sewage cleanup to be 
applied to om increasing sewage wastes. Industry 
too must remove polluting chemicals from waste 
water before that water gets back into the water 
cycle. Good technology wisely used can help us 
preserve the supply of clean water needed by man 
and by all other living things on Earth. 



"THE LIVING FILTER 




Ground Watar . 
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The biggest sources of controllable man-made 
water poUution arc industrial poUutioii, sewage or 
domestic waftesj apicultural and livestock runoff ^ 
and oil spills from shipping. The earlier sections of 
this booklet have presented the problems caused 
by domestic wastes and suggested the proper use of 
technology to solve these problems. In this article 
you will see how these other sources of pollution 
affect our water supplies. 

INDUSTR lAL PO LLUT ION 

Industry is by far the leading discharger of 
liquid wastes in the United States^ The volume of 
wastes from industry is about five times greater 
than that froni domestic sewage, Moreover, in- 
dustrial wastes are generally more harrnfulp com- 
posed of more kinds of pollutants, and more 
difficult to treat than is sewage. 

Industrial wastes include rnany toxic sub- 
stances that either poison living things, or affect 
their environment in ways which cause them to 
die. Some examples are cyanide^ found in metal 
plating and steel mill wastes or sulfides found in 
the wastes from oil refineries, metal smelting oper- 
ations, and chemical plants. Lcadj mercuryj and 
cadmium are three of many metals which industry 
discharges into the water environinent, 

Lead Although the dangers of lead poison^ 
ing have been well known for niany years, lead is 
still one of the most common indtistrial wastes. In 
humans, lead poisoning affects the central nervous 
system, kidney performance, md the production 
of blood. Young people, especially children, are 
most susceptible to lead poisDning. The impact of 
lead contamination on the food chain is not known 
as yet. 

Mercury The way in which mercury poison- 
ing grows through the food chain is well known, 
When mercury and some mercury compounds first 
enter the water, they are relatively harmless. How- 
ever, the action of microbes in water convert these 



safer forms of mercuty- into the highly toxic com- 
pound, methyl mercuiy. This compound is ab'- 
sorbed by microscopic plant life. The plant life is 
consumed by the smaller water creatures, and the 
methyl mercury is concentrated in their bodies. 
Small fish eat the water creatures and in turn are 
eaten by larger fish. At each stage in this food 
chain more mercury concentrates in the cells of the 
consuming fish. In some cases the concentration of 
mercury has been found to be five thousand times 
p"eater in the fish dian in the surrounding water. 

Between 1956 and 1973, three outbreaks of 
severe mercury poisoning occurred in Japan. These 
outbreaks were directly traced to methyl mercury 
in fish, which was a major item in the diet of the 
Japanese who became ilL Scores of people died and 
thousands suffered loss of vision, rntiscle impair- 
ment, or rnental deterioration, 

Cadmium Contaminated drinking water can 
be a source of cadmium poisoning. The symptoins 
of this poisoning have been named the Itai-Itai 
(Ouch-Ouch) disease because they result from a 
very painful deterioration of the bone strijcture. In 
a 1 970 survey of surface water at hundreds of loca- 
tions throughout the United States, four percent of 
the samples were over the acceptable limits for 
cadmium. In another survey^ water samples taken 
directly from drinking water taps showed excessive 
amounts of arsenic, iron, manganese, cadmlumj 
and lead, 

Polychlorinated BIphenyls Among the most 
widespread pollutants in the world are the PCB's, 
or polychlorinated biphenyls, which have spread in 
this century from pole to pole. It has been esti- 
mated that the Great Lakes alone now contain over 
one-hundred tons of PCB's, They are persistent in 
the environment. They do not dissolve in water, 
but are soluble in animal fat. They have been 
found in plankton throughout the oceans of the 
world, in the flesh of fish, seals, whales* penguins, 
and in many species of birds. 
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PCB's are a serious concern because, like 
DDT, they have been linked with disruptions of 
the reproductive cycle in many species. In nian 
they have caused eye damage, serious skin condi- 
tions, and even death from atrophy of the liver. 

Thermal PollutiQn Heated watc- added to a 
waterway in such quantity that it harms the water 
community is called thernnal pollution. Most often 
it is caused by the industrial discharge of large 
quantities of heated water that was used for cool- 
ing purposes, Water is also used extensively as a 
coolant in electric generating plants, 

Thermal pollution can reduce the dissolved 
oxygen content of the water and cause extensive 
fish kills. 

AGRICULTLIBAL AND LIVErTOCK RUNOFF 

Agricultural chemicals can get into water 
supplies froinfarrn runoff These Ghemicals include 
nitrate fertilizers; organic compounds from animal 
wastes; herbicides such as 2,4-D and 2,4,5-T;and 
pesticides such as chlordane, DDT, aldrin, and 
deildrin. Nitrate leveh in water sources have risen 
along with the rapid increase in the use of nitrate- 
based fertilizer. When nitrates in food or water 
supplies enter the human body, they can be con- 
verted to nitrites j which cause red blood cells tOv 
lose their ability to carry oxygen. Infants are most 
susceptible to this condition-often called *'blue 
babies.*' Other symptoms of nitrite poisoning 
include behavioral disturbances and mental de- 
ficiency. 

Modern livcstocic feeding methods have 
increased water pollution from animal wastes. In 
the past livestock grazed in open fields and ranges 
and their droppings were recycled through the soil 
with litrie direct runoff to nc^by waterways. 
Today, most of the cattle fed in the midwestern 
and western states are fed in feedlots ranging from 
1,000 head to 20,000 head. The runoff from the 
animal droppings in lots of such size often results 
in high conceritrations of pollutants reaching near- 
by streams. 



The chlorinated hydrocarbon pesticides and 
herbicides such as DDT and 2,4-D have entered 
waters throughout the world. They have been 
important factors In increasing the world -s food 
production j but they-as well as the PCB's-are 
suspected to have harmful ef^ on the .health 
and reproductive capacity of ' and man. For 
example, significant amounts - i'OT have been 
found in many species of birds kuuwn to be threat- 
ened with extinction* such as eagles, falcons, 
ospreySj and pelicans. 

OIL POLLUTION 

The oceans of the world are the final receivers 
of an enormous amount of pollution. Rivers empty 
hundreds of tons of waste chemicals into the sea, 
and a wide variety of effluents come from coastal 
towns and cities. But oil remains the single biggest 
pollutant. Estimates are that between 5 and^ 10 
million tons of petroleum products are going into 
the oceans every year. Most of this oil is dumped in 
coastal waters, where the life of the sea is richest. 

This oil pollution is spread over all the oceans 
of the world. Sir Francis Chichester, a yachtsman 
who sailed around the world in a small boat, re- 
ported that he frequently sailed through oil slicks 
and that waves coming aboard his yacht left clots 
of black oil on the deck and stained the sails. In 
1969 Thor Heycrdahl sailed his raft Ra from North 
A^frica to the Caribbean. He discovered that ''at 
least a continuous stretch of 1,400 miles of the 
open Atlantic is polluted by floating lumps of 
solidified, asphaklike oiL'^ An American survey of 
the surface pollution of the sea estimated that 
more than 80,000 tons of tarry residue^ are float- 
ing on the oceans. From the Arctic tu the Ant- 
arctic about ten percent of the surface of the sea k 
covered with visible oil pollution. We must also 
learn more about the dissolved hydrocarbons, 
which are among the most toxic oil components. 
What effect these dissolvable fractions of oil have is 
not yet known. 
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iberate oil dumping that accounti for 
il in the oceans. Accidents spill about 
of oil a year, but official estimatai 
: l,400j000 tons of oil are discharged 
fery year in the routine operations of 
ther ships, This comes mainly from 
dumped when the ships fill their fuel 
;o tanks with water— cither as ballast 
5 tanks— and then dump the contents 



Lake Tahoe is one of the world's deepest, 
clearest, and most beautiful fresh water lakes. It is 
located high in the Sierra Nmda Mountains on the 
California-Nevada border. The Lake Tahoe Basin, 
located near the Truckee River ^ includes an area 40 
niiles long and 18 miles wide— with a total surface 
area of 327,878 acres. 

More than 11,000,000 tourists enjoy the 
year-round recreation facilities of the Tahoe area. 
In winter, skiing and mountain climbiiig are popu- 
lar* Camping, hiking, fishing, and water sports 
attract people in the surnitier. Gamblings which is 
legal in Nevada, also bring$ many people to the 
area. The permanent residents mvj number about 
30,000. This number shows a considerable increase 
since 1940, when fewer thtn 10,000 people lived 
in the Tahoe Basin. With increasing nunibers of 
new roads, home sites, and recreation areas, Lake 
Tahoe faced a real growth pro bleni -water pollu- 
tion. 

In 1963, engineers studied the lake's sewa|e 
disposaL They knew that the lake's great size and 
depth enabled it to handle naturally some purifica- 
tion of sewage. However, when objectionable 
amounts of green algae began to appear at sewage 
outlets in the lake, it became clear that something 
had to be done. Concerned citizens and govern- 
mental agencies went into action, The Departnient 
of the Interior, together with other federal 
agencies, held a conference in 1966. Two outcomes 
of this meeting were that all sewage would be ex- 
ported out of the Lake Tahoe Basin and that a new 
advanced sewage treatment plmt would be built, 

After government and state aid, the new 28 
million dollar South Tahoe Public Utility District's 
tertiary water treatment plant began to operate in 
1968. Tertiary treatment inwlves extra filtering 
and the addition of chemicals after the primly 
and secondary steps of regular sewage treatment. 
Most of the phosphates and nitrates, and all of the 
sludge, bacteria, and harmful cheniicals are 
removed by the tertiary process, The effluent can 
be made clean enough to drink. In Tahoe, the 
effluent is pumped into a man-niade lake, Indian 
Creek Reservoir. The stored water at Indian Creek 
is used for irrigation, It also has been stocked with 




rainbow trout and has become a spot for water 
sports. 

Residents get their household water from the 
Truckee River watershed and not directly from 
Lake Tahoe or Indian Creek Reservoir. The 
Truckee River is also used to supply water for irri- 
gation, 

The North Tahoe and the Tahoe City Public 
Utility Districts at one time disposed of their sew- 
^e at the Cinder Cone disposal site in the Tahoe 
National Forest. Then another tertiary sewage 
treatment plant was completed to service the 
northern Tahoe Basin. A few areas in the outskirts 
of the Tahoe Basin, both in California and in 
Nevada, continued to use (and still do) the septic 
tank method of waste containment. 

However, when the sewage problem seemed 
to be solved, another problem au'Oie, Lake Tahoe's 
waters are very sensitive to sediments and silts 
washed into the lake by streams and the runoff 
from rainfall upon the extensive watershed. These 
sediments contain nutrients which stimulate the 
growth of algae. The silts also prevent sunlight 
from reaching the lower depths of the lake. The 
two conditions accelerate the natural aging process 
of waterways known as eutrophication. 

This problem could be solved only by control 
of erosion, which was being caused by building 
developments, lumbering and mining operations, 
and animal over-frazing, The people of the area 
became concerned about the impact of sediments 
and silts on the quality of Lake Tahoe's water. 
Thty sought aid from the federal and the bi^state 
governments. Land developers, civic leaders, and 
environmentalists joined together in a regional 
approach to combat the growing eutrophication 
problem. 

The establishment of the Tahoe Regional 
Planning Agency (TRPA) in 1969 had as its pur^ 
pose the prevention of damage to the Lake Tahoe 
Ba^n caused by uncontrolled land development* 
But the TRPA was not strong enough at first to 
control local business interests, which had invested 
millions in resort facilities and. in a land develops 
ment building boom, 
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But in 1971, the TRPA's General Plan was 
adopted. The main portion of the plan was an out- 
line of strategies for acceptable land use. Th^ plan 
divided the Basin into land'Use districts, one of 
which is the general forest public land. At first, it 
was estimated that the greatest human population 
for the whole Basin could be about 280,000. This 
figure included both the permanent and the sea- 
sonal population, but not visitors to the public 
lands. Later it was realized that a Basin popuiation 
could include as many as 450,000 people, accord- 
ing to the provisions of the General Plan, 

I'herefore, a new Master Plan was prepared by 
the Tahoe Regional Planning Agency. The Master 
Plan limits growth to the areas which are already 
developed, ^nd allows only another 4% of available 
land in the Tahoe Basin to be developed. Th^ plan 
closes 34,000 acres to future building. In addition. 



builders must observe a one-story height limit on 
their buildings, They must also submit reports to 
the TRPA on the effects of their constructions on 
Tahoe's environment. The Master Plan controls 
commercial timber-cutting, mining, and livestock 
grazing in the National Forest in the Basin. The 
TRPA is also responsible for evaluating and up- 
dating all policies on recreation facilities, conserva- 
tion, transportation, outdoor advertising, and air 
and water pollution* 

The success of the Master Plan depends upon 
the cooperation of the states (California and 
Nevada), the counties, and the cities in the entire 
Tahoe Basin area. For the plan^o he effective, 
everybody must cooperate in its enTorcement, 

Many experts regard the Tahoe experiment in 
regional control as a successful model for other 
regions to follow. Would you agree? 



Can You Answer Thas0? 

1, Is the recycled water from the two tertiary 
treatment plants discharged into Lake Tahoe? 

2. What pollution problems can be caused by run- 
off containing sediments and silt? 

h What was the original purpose behind the 
TRPA? 

4. What does tertiary sewage treatment add to 
primary and secondary treatment? 
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As concerned citi/ciis bcccMnu aware that 
prcih)cn^s vxi^t in rlic area of water pollution, ques- 
tions like these are often iiskckl; What ean I do to 
coneet what is wrong? Has the govcrnmenr pro- 
vidctl laws to eliminafc these problems? I low can I 
get mv friends and neighbors interested in doing 
their part? 



When an individual sees chat he too is a cause 
of water pollution and that he can work for its 
prevention, he takes a step in a forward direction. 
Besides following the list of r>o's iwJ l)0N^t*s for 
individuals which you will find at the end of your 
booklet, other meihods arc available for each per- 
son to become actively involved. 

Groups and organizations are already working 
for clean water. EducAtional, technieab scien- 
tific organizations as well as civic and religious 
groups arc looking for helping hands to distribute 
Information materials to the general public. The 
(AiNserviHioN Directory, published annually by the 
National Wildlife I'ederation, provides a compre* 
hcnsivc list of groups that you can contact and 
help support. 

Bur ciri/.en involvement without the support 
of all levels of government would be ineffeetive. 
Fortunately, government at all levels^-federal, 
state, and local—is not only aware of water pollu- 
tion prohlenis, but professes a desire to combat 
them. As eady as 1965, the Water Quality Act, 
involving both fcdenil and srare progi'ani'^, vva^ en- 
acted, Keali/ing later that this legislation was not 
strict enough, government officials took steps to 
enact, after three years of study, the comprehen- 
sive Federal Water Pollution Control Act (FWPCA) 
Amendment of 1972. This legislation, regulated 
through the nnvironmental Protection Agency 
(EPA), extends and strengthens federal and state 
regulations of all navigable waters. It prohibits 
toxic discharges, strengthens and streamlines fed- 
eral enforcunient procedures, and permits citizens 
to bring legal action to enforce hWP(!A require- 
ments. 1 hese are just a few of the provisions of 
FVVPCA. l his Act, which became luw in 1972, k 
not limited to the problems that couhl be solved 
by legislation in 1972. It projects regulations and 
requirements to he met from 1972 to 198S> The 
aim of the Federal Water Pollution Clontrol Act is 
to -^restore and maintain the chemical, physical, 
and biological integrity of the Nation's svatcrs.*' 
The Act establishes that polhnant discharges are to 
be eliminated on a nationwide scale by 1985, 



Iwo programs have been put into Qperation 
to achieve thae goals, One h a system l)y svhich 
the federal government provides grants to plan and 
construct municipal waste treatment plants. 
Second is the establishment of the permit program. 
Any factory% municipality, or large agricultural 
operation thar discharges wastes into the nation's 
waters such u by sewer, ditch, tunnel or conduit, 
must have a permit to do so. These sewers and such 
are called pahu sources when thev release directly 
into a watervvay. Permits regulate discharges from 
all point sources and establish ^*ftiuent limitations. 
By the permit system and the effluent limitation 
program, water control officials know the pollu- 
tants and can identify the polluters. Thus the 
clean-up burdcti can I ^ and will be, put upon 
those who cause the puilution of our waterways. 
The permits also explain how the discharger is to 
comply with reguhitions and what state require- 
ments he may also have to meet. 

The legislation story is proof that action can 
be taken and that citizens can cooperate to enforce 
water polUuion regulations. What happens at the 
local level atn and should bo the responsibility of 
each person who feels that guaranteeing a clean 
water ^upply^ is n worthy goal By becoming and 
staying informed about your area^s regulations 
regarding water pollution, you are in a better posi- 
tion to know what action you must take. If there 
are not enough pollution control measures in your 
town, fiiul out what can be done to establish pat- 
terns of behavior that can produce cleaner water 
for your area. You and your family and friends can 
be the links that complete the chain to protect us 
ail from polUiring our waters. 

rhe pages that follow provide you with 
specifics that will enable you to '*JhP,*' Those 
letters represent three important words in our 
battle against pollution of any kind. JhP means 
Join, I.earn, and Practice, JOIN ecology and nature 
groups, IJsARN what legislation has done and can 
do to correct water pollution, and PHACriClE 
water pollutSon prevention and water conservation 
as a concerned individual. 




JOIN ecology and nature groups. These 
groups need people who want to help preserve the 
environment. Their publications serve to keep 
people informed about what has been done, what 
is being done, and what needs to be done. Many 
groups have drives and campaigns for ipecific pro- 
jects. These campaigns may involve writing to re- 
presentatives, attending demonstrations, or contri- 
buting donations. Many use their donations or dues 
to maintain a lobby in Washington, D. C. in order 
to influence federal legislators. Your teacher can 
identify so^e groups for you to contact. You can 
also ask the Environmental Protection Agency in 
your state for information concerning local action 
groups. 




LKAHN what the federal government has 
been, is, and will be doing to correct water pollu- 
tion. You may wish to write to; 

Federal Water Pollution Control Administration 
Department of the Interior 
633 Indiana Avenue, N. W. 
Washington, D. O 20240 

Environmental Protection Agency 
Waterside Mall 
4th &M Streets, S.W, 
Washington, D. 21)460 
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L Wash tlown ilu: tlraiii ()r IliKsh ilown (lie 
toilet any solid wastes which c;in he tlis- 
posed ()[ ill tiie garl)age. 

2, Use lau Miy ai]d dishwashing Lietergcnts 
wliich i Miiaiii polluting phosphates i\m\ 
nitrates. 

3, Use pesticides thai can pollure. Some 
chcniicals remain poisonous For a lonjf 
rime. 

4, Waste valuable supplies of elenn water. 

5, Allow^ the s(jil from your lionie to erode 
and lie washed away into ;i sewer. 

6, Litter waterway. l)eaches, or streets, since 
much of this material can travel to the 
nearest lake, stream, or river through the 
sewer svstem. 

7, Buy products that cause water pollution 
problems, such as colored tacial and l)ath- 
room tissues. These contain dyes which 
often arc not removed l)v sewage treat- 
ment and stay in the water. 

8, Remain unaware of water and waste water 
trea i nient tech nologies. 

9, Expect pollution problems to be solved 
without community cooperation and 
financial support, 

10. Allow yourself to be politically inactive. 



I'liACric:!', these* ho's and Don Vs, and you 
(Nin limn the amrxint of water pcilhition that yr)u 
vnutsc 11 nitiy he t ausing. Put vour kn<»wlcdge into 
netion, for pollution control does mean avoiding 
ihe practices which cause problems. The list n* not 
ecMjipleie. Wh.u siiaiegics wutdtl yoii like to add U) 
the list? 

1, Drain oil bom cars, power lawn mowers, 
and snosv blowers into cans ami either put 
tlie oil into the garl)age or take it to a gas 
station which saves oil tor reprocessing, 

2, Write to the Department of the Interior* 
Federal Water Qitality Administration, 
Wasliington, 1). for an up-<iatcd list of 
the phosphate content of various deter- 
gents. 

3, Avoid the use of all pesticides around the 
home, ff this is not possible, buy the type 
which decomposes after doing the job, 

4, Keep pluml)itig fixtures in good repair. Use 
only as much water as you need. 

5, Protect the soil around your home from 
erosion by planting ground cover or grass. 

6, Keep all refuse to put into a litter basket 
or the garbage, 

7, Purchase products in biodegradable or 
recyclable containers. 

8, Arrange a visit lo your local water com- 
pany and the sewage treatment plant. See 
for yourself how cleanup technology is 
working in your area. 

9, Support antipollution legislation and 
worthy boiid issues for clean water. 

10. Communicate with elected and appointed 
officials about poHution clean up and pol- 
lution control. Let them know your views. 
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Poltution^ 
Ciiufoi and 
Some Effttcts 



Poliution: 
Inter pro ting 
Your 

Ex peri munis 



Proteotion: 
Teehnology 
at Work 



Protection. 
It's iverybody*$ 
Job! 



ninni wi 

HOOK I f J 



thfj Unit 



AiM^w XHsHeii MiihM 



FilnHtfip I 

'>/f ViMi? of M.lfi 

Auclia C<H5fitl«, 
Sid« A 

Ovorhedd Trainparency 



A Healthy 
Watarway 

An Unhealthy 
Water W4iy 



Cleanup 
Tichnology 

iff ects of 
Certain Other 
Pollutants 

Lake Tahoe 



Tho Rolo of 
the Individual 



Blank Ovtirhoad 
Triin^paroncios 

Overhead Tfansparencies 
Lito in cj Hojlthy 

Life fn an Unhealtiiy 

W^iEerway 



Overhead Traniparency 
An Ideal Tertiury 
Sewage Tr^atmt^nt Plant 

Filmstrip 2 

Lake Tahcje- 
Then and Now 

Audio Caiiette, 
Side B 



VVofkshfinl 1 

1 he? Lf ffu;t uf PhospluHos 
jfui Nitriit?r; on \hmi\ 

Workshcot 2 

I low MiciuoHj.Hiriins in 
Wntot Roiict {{} S<K»[)S 
UtHl Denerfj'fnt*. 
\/VorksheHt 3 
Thu Effocl of SewiKje 
on Micf oorrianisrnH 

Worksheet 4 

WalOf Pollution IrMiiiiry 

Oue^tion^ 

Workstu ijt G 

Water Prjlluriofi Ifujuiry 

Answer Sheot 

Worksheet G 
Afuiiy^incj Riv*M view 

Worksheet 7 
Ifwustiqatnui Vi.)uf Own 
Coniniuniiy 



Worksheut 8 

Romoving Phosphates 
from Sewage Water 




Worksheet 9 

The Riverviow Hearing 



Aciivity Card 1 

WatiH Um' hi tiin I luiwv 



Activity Card 2 
Water Pollution 
Opinion Pull 



Activity Card 3 

Water l)urno Diseases 

Activity Card 4 

Sunces^ion on a 
Microscope Slide 

Activity Card 5 

The Effect of 
Dissolved Sill t on 
Aquatic Plants 

Activity Card 6 

Carbon Alisoriition 

Activity Card 7 
Const riicting a Tertiary 
Sewage Treatment 
Plant 



Activity Card 8 
Phosphate Content 
Survey 
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